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Abstract 
A screening monitoring campaign of volatile organic compounds (VOC) was conducted in the main cities of the 
metropolitan area of Bari, south-eastern Italy, in order to evaluate the impact of the vehicular traffic on the urban air 
quality. VOC were sampled with diffusive samplers suitable for thermal desorption. The monitoring was planned 
considering the number of inhabitants and the intensity of the vehicular traffic in each city. The same concentration 
pattern and the correlation among benzene versus toluene levels in all sites confirmed the presence of a single 
source, the vehicular traffic, having a strong impact on urban air quality. 
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1. Introduction 
In several large world cities air pollutants are increasing over time and sometimes exceed the levels set up by the 
national ambient air quality standards [1-3]. Among the different sources of air pollutants, the road transport is the 
sector which mostly contributes to the levels of pollutants in urban areas [4,5]. This increase is mainly due to a rapid 
growth rate of the vehicular transport across Europe; vehicle ownership has increased, with the number of private 
motor cars growing by 46% in the last ten years, goods motor vehicles by 54% per year from 1980 to 2009 [6]. Over 
the same period, transport demand has grown by about 10% yearly [7]. A number of factors can be identified as 
influencing the amount of emissions attributable to the transport sector. They include the amount of vehicles which 
are used in a given country or metropolitan area, the age of the vehicle fleet and the technology used within it, the 
extent to which vehicles are properly maintained, the availability of appropriate fuels and the atmospheric, climatic 
and orographic conditions [8]. Volatile Organic Compounds (VOC) and in particular benzene, toluene, ethylbenzene 
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and xylenes (BTEX) are the major pollutants emitted mainly through fuel evaporation. Despite evaporative 
emissions controls, evaporative losses can still account, on hot days, for a majority of the total VOC pollution from 
current model cars [9]. Evaporative emissions occur in several ways, such as running losses, hot soak (cooling 
down), diurnal (while vehicles are parked and engine is cool) and refueling. In a recent study in Mumbay [10], 
India, the annual average of VOC concentrations during rush hours in commercial areas and at traffic intersections 
were 127 μg m-3 and 348 μg m-3, respectively, and even in residential areas the average concentration was over 40 
μg m-3. In some European cities, quite high concentrations of VOC were measured in urban areas: for example, in a 
medium-sized Greek city, Ioannina, the annual average of VOC concentrations measured at different locations in 
2003/2004 was between 10 and 40 μg m-3 [11]. Bruno et al. [12] found levels of VOC of about 120 μg m-3 in the 
urban area of Canosa di Puglia, Italy. The exposure to VOC in urban areas has the potential for adverse health 
effects [13-17]. In particular  benzene is identified as Group I (known human carcinogen) under the IARC 
(International Agency for Research on Cancer) classification system [18]. A large number of studies provided a 
strong association between exposure to benzene by inhalation and an increased incidence of certain types of 
leukaemia [19]. To limit health risks, the European Directive 2000/69/EC required that the yearly mean 
concentration of benzene in atmosphere must be less than 5 ȝg/m3 within the year 2010 [20]. Many studies showed 
the several effects linked to the exposure to other alkylbenzenes, as sensory and pulmonary irritation [21-23]. The 
aim of the paper was to perform a screening monitoring campaign in the metropolitan area of Bari, Apulia Region 
(Italy), in order to highlight the most critical areas that require greater attention and precautions to safeguard the 
health of citizens. The data obtained from the present study were also compare with the levels of VOC listed in the 
current emission inventory (EI) for Apulia Region. The Atmospheric Emission Inventory taking into account the 
Coordination Information Air methodology (CORINAIR) was realized according to Environmental Protection and 
Research Institute Guidelines (ISPRA) [24].  
2. Materials and methods 
2.1. Sampling sites 
A monitoring campaign, consisting of two periods, was carried out in 2008 in the metropolitan area of Bari. Bari 
is located in south-eastern Italy on the Adriatic coast, in Apulia Region of which it is the regional capital. The 
metropolitan area of Bari has a surface of 2269.74 km2 and has a population of 971,923 inhabitants, of which 
approximately one third are in the town of Bari (400,000). This area is a heterogeneous aggregate of urban, 
environmental, social and economic systems; the territory includes small towns that develop in a rural context. The 
metropolitan area includes 31 cities (municipalities) as shown in Table 1. The presence of an important road 
junction and motorway in the metropolitan area of Bari determines high levels of traffic. Traffic of tourists, locals 
and commuters increases especially during peak periods and during weekends in summer close to all the main roads.  
The bypass of Bari crosses the municipality from north to south and mainly consists of three lanes in each direction 
for a total length of 27 km and a traffic flow of about 80,000 vehicles a day [25]. 
Two monitoring periods, from 21 to 28 April 2008 (first period) and from 30 September to 7 October 2008 
(second period), were performed in order to evaluate the VOC levels in different sites of the metropolitan area of 
Bari and to highlight the most critical cities that require an in-depth study. The inhabitants, the traffic density and 
the architecture of each city of the metropolitan areas were considered for the selection and location of the sites in 
order to obtain data as representative as possible of the mean concentration levels of pollutants for each area. In the 
municipalities with a small number of inhabitants (< 10,000), only one sampling site was positioned close to the 
main access road of the city. In the cities with a larger number of inhabitants, more sampling sites - one sampling 
sites every 10000 inhabitants - were positioned on the main roads of the city, or these with an higher traffic density. 
Monitoring was planned taking into account the guidelines of the “Guidance Report on Preliminary Assessment 
under EC Air Quality Directives” which describes the principles (distance from the road, representativeness of the 
site, etc.) to carry out a preliminary evaluation of spatial distribution of volatile pollutants [26]. 
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Table 1:  Municipalities of Metropolitan area of Bari in Apulia Region  (The Italian National Institute of 
Statistics 2008) 
 
Province Municipalities Surface 
(km2) 
Inhabitants Density  
(inhabitants/km²) 
Bari 116.20 320150 2755 
Acquaviva delle Fonti 130.98 21168 162 
Adelfia 29.73 17264 581 
Binetto 17.62 2096 119 
Bitetto 33.57 11563 344 
Bitonto 172.82 56297 326 
Bitritto 17.65 10763 610 
Capurso 14.88 15262 1026 
Casamassima 77.41 18838 243 
Cassano delle Murge 89.42 13538 151 
Cellamare 5.83 5703 978 
Conversano 126.90 25503 201 
Corato 167.69 47872 285 
Gioia del Colle 206.48 28017 136 
Giovinazzo 43.71 20643 472 
Grumo Appula 80.60 13095 162 
Modugno 31.90 38413 1204 
Mola di Bari 50.76 26333 519 
Molfetta 58.32 59923 1027 
Noicattaro 41.16 25603 622 
Palo del Colle 79.06 21703 275 
Polignano a Mare 62.50 17718 283 
Rutigliano 53.20 18063 340 
Ruvo di Puglia 222.04 25803 116 
Sammichele di Bari 33.87 6700 198 
Sannicandro di Bari 56.00 9757 174 
Terlizzi 68.3 27387 401 
Toritto 74.58 8656 116 
Triggiano 20.00 27572 1379 
Turi 70.77 12141 172 
Province of Bari 
Valenzano 15.79 18379 1164 
TOTAL 2269.74 971923 428 
 
 
1.2. Sampling method 
VOC were sampled with radiello® diffusive samplers (Fondazione Salvatore Maugeri, Padova, Italy) suitable for 
thermal desorption. The sampling system is made up of a cylindrical adsorbing cartridge housed coaxially inside a 
cylindrical diffusive body of polycarbonate and microporous polyethylene. The cartridges are composed by a 
cylindrical stainless steel net (100 mesh) with the external diameter of 4.8 mm, containing 350mg of 35-50 mesh of 
Carbograph 4. Before the sampling, the cartridges were conditioned and analysed to verify the blank levels [12]. 
Each sampler was exposed for a week and after sampling it was sealed in a sealed glass tube and brought to the 
laboratory for the analysis. Reliability of VOC radial diffusive sampler for thermal desorption during field 
measurements were assessed in our previous work [12]. In particular repeatability of the radiello® sampler, the 
influence of sampling time under field conditions (1-day exposure, 3-day exposure, and 7-day exposure), and the 
inter-comparison with automatic instruments were studied. It was found that the mean RSD% for 7-day exposure 
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This result is consistent with the data listed in the Emission Inventory (EI) for Apulia Region, which reported for 
Molfetta the maximum VOC emission concentrations, equals to 350 t/year,  followed by Triggiano and Giovinazzo. 
It is known that the urban organization of the city, the position of the sampling sites, the different traffic flows, 
and the meteorological parameters can affect the air pollutants concentrations in urban areas [12]. In particular it 
was demonstrated that the sites characterized by narrow roads and high buildings do not allow an efficient 
dispersion of pollutants [27] although they are subjected to traffic flow similar to nearby others, these sites have 
higher pollution levels. Therefore they represent very critical zones of the city which demand a particular attention 
by the decision makers. This situation occurred in sites 3, 4, 5 of Molfetta that had higher pollution levels: 27.4 μg 
m-3, 37.2 μg m-3 and 25.7 μg m-3 respectively. Similar situations were in Triggiano, Giovinazzo and Rutigliano that 
were characterized by BTEX concentrations higher than 15 μg m-3. Ruvo di Puglia, Bitritto, Acquaviva delle Fonti, 
Sannicandro, and Conversano appeared to be the least polluted cities of the metropolitan area of Bari: BTEX 
concentrations were less than 5 μg m-3. The same results were obtained during the second monitoring campaign, 
even if the values of BTEX and VOC were generally higher in all the monitored cities (Figure 3).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3: VOC and BTEX concentrations during the second monitoring campaign 
 
This could be explained considering the atmospheric conditions that characterized the two sampling periods. 
There are many factors that influence the transport and dispersion of air pollutants in atmosphere, including ambient 
temperature, wind and atmospheric stability, as well the local orography [28]. The study of the main meteorological 
parameters showed there was an increase in temperature of about 2-3 °C in all cities during the second monitoring 
campaign. During the first period there were conditions of higher ventilation and smaller atmospheric pressure 
producing a higher dispersion of pollutants in atmosphere. 
Plotting benzene concentration versus toluene levels for the two campaigns (Figure 4), a good correlation was 
found (Pearson’s coefficient = 0.932), confirming that these pollutants are emitted from the same source i.d. the 
vehicular traffic as the main source of BTEX in the monitored cities.  
In order to highlight the impacts on human health, it is necessary to focus the attention on benzene levels 
monitored in the different cities of the metropolitan area of Bari. It is known that benzene exposure has serious 
health effects as it is a geotaxis carcinogen: several studies provided a strong association between exposure to 
benzene by inhalation and an increased incidence of certain types of leukaemia [19].  
The chromatic map produced by using the average concentrations collected during the first campaign is pictured 
in Figure 5. Figure 6 shows the map of benzene for the second sampling week. We see immediately that in each 
cities of the metropolitan area of Bari the concentrations collected during the two monitoring periods did not exceed 
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the limit value of 5 ȝg/m3. The maps confirm Molfetta, Giovinazzo and Triggiano as the cities with the greatest 
impact on public health. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
     Figure 4: Correlation of benzene concentration versus toluene levels during the two campaigns 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5: Chromatic map of benzene during the first monitoring campaign 
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Figure 6: Chromatic map of benzene during the second monitoring campaign 
 
4. Conclusion 
The screening monitoring campaign carried out in the metropolitan area of Bari allowed to highlight the most 
critical cities. In particular it was found that Molfetta appears to be the most polluted city that produces the highest 
impact on human health. These preliminary results can be considered a starting point for further detailed studies in 
order to determine the most critical areas of the city and identify the best strategies to reduce the pollution level and 
protect people's health. The present study also showed that BTEX represent the greater part of all VOC monitored 
suggesting the vehicular traffic as the main source of air pollution in the investigated urban areas. This result was 
also confirmed from the high correlation between benzene and toluene concentrations collected during the two 
campaigns. 
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